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. " ABSTRAGT

“Radlo-accustic interaction™ relates to the interaction that
occues betyeen radio weves and acoustic waves in an fonized op partially
ionized gas, Theory defines the gensval charzacter of such interactions,

: with or without magnatic £ieids in the medium. A mofulated radio wave

can produce an 4acwstic disturbance which can remct, im turn, either on

the original wave o on cnother zadio wave t?avgrs;ing the gas. An ascustic
[ - wave of any t:ym whatever can modulate & tééie' wave -in the medium. The
propesed progrem involves two sepacate approaches, one mainly thecretical
and the oi:!ie? esperimental, The %tdﬁy' is to include, in addition to basic
£ research, a technicsal e'mlaatidn of the various types of rsdicwacoustic

- interaction as a practical means of reconrnaissance, detection, or defeuse,
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PROPOSAL FOR STUDY OF INTERACTION OF ELECTROMACNETIC
AND ACOUSTIC WATES IN AN IONIZED MEDIWY

I, INTRODIOTION

It is well known that, in sa ionized gas, & nedio wave interacts
- with the electrsns and fons, especially with the former sincs they are
lighter and thus more subject to the acce :i rating effects of the elecizic
£icld, }'.g;, ge‘zs‘.ezralg ?;’;:e. index of ;:efﬁmeti_qs; ef the medium proves to be csl.vz?
plax, 80 that méto wwyas toave zsiz_zg it am slsbjge% to absorpticn a3 woll

as to ber;:"si,ngg ‘I’E‘ae eouve enticnal theosy of 2&30_ Womgaewn ef a radio wave

in the iéﬁb&mhate den@nﬁs upen eertain im ’ iei‘

medium is assumd ﬁ‘o be quiet aﬁs.sm*bnd by acmzﬂtm waves or mceh@ic'ﬂ
n‘bmuom of my soz'to The caergy of thh aluatzmgnetxc waves is assumed
to be negligible, eO th&t Lﬁ does’ RO @ppre:c ably ehanue the temgaratute Loy
mchamcal state o? tha mdismo ‘l'he cmzy eﬁfe tx'ea cc} censists of the :
ing mutmeom f.ntemes:ion between the elactmmagvet:.c wave and the electzens
at &ay g.’.\«'en pos;.tmo A

v A prelimmry analysis of a 'E.ess restmc;.eé model, by Mensel and
Layzer, has dmclasaﬁ the ezi.sv;ence of a mstebeﬁ: cﬁ hitherto mecsgnizeﬁ
pneamnao in an jonized gas, a Tadio wave may w.ateracz with the eleai:mma
and ions aaﬁ aﬂtuai 1y chmnge the paysz.cai chmac\.erzsuica of tke m&z.mo

The electrsn velocisy dusing the m..teraci:mn may no zhnge.z' be Wa.walum,,

ali:hénghin some instaznees it'csn be ées‘a_mss_eﬂ '1.'.1_,3{ 'eﬁfectivezy Maxuwellian at

zn eleeiron e.empemwm é;.a.fnﬂcﬂ“ gzoa T

of the ions or neutral atoms,
The effect depepds, of course, ¢ the enavgy ¢ incident waves., And

the phnee of the disturbance relative to et of the incident wave depends

ot
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on a nuwber of factors, such as the modulation frequency and the coliision

Erequency.

One way propesrly describe the phencmenon in terms of electzomage
{ netic waves traversing e wedium and setting up asoustie waves in the
icnized gas. 7The acoustie waves, in tusrn, react on the clectromagnetic

waves, praducing or &l tering their modulation, The presence of & pozmaunent

magnetic field in the medium alsc markedly affecis the imtessetion.

- The best known phencnencn that ca be deseribad in the above

general terms is the so-callied L‘t‘x‘::émb@u':g effents the interaction of a mpedus
, lated radio wave upen a aéeom}g wnmodulsted one via ahe,am‘m':tie £ic1d gene
{: erated in the electron gas by the original :racéulamé wave, But the basic

| :

} [ analysis is far more genersl., It showa thav & redio wave can interset wlth
| itseif by means of the acoustic fielé.ﬁ.; Or en scoustie field, however pro-

duced, may modulate eny electromagactic wave traversing the mediwm,

Piguze 1

o
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Figure 1 illustrates, schematically, a well known phencmenon, the

luxembourgeffect, A rsdio station at A sends out en unmodulated signal, CY,

on some frequency that is reflected frem the ionesphere at B and fimally
recelved at C., This signal ic sometimss termed the “wented” wave. A transs
oitter at D, uauauy azar the midpoint of the path; is Padiatmg a modulated
signal ou a different frequency. Umﬁer certain conditions this sigaal,
termed the “disturbing” or “unwonted” wave, msﬁﬁiams tha wented wave, So
that the unwented signal is received at C on ths pmv&cusay unmodnlated
wWave,

The basic principles of the interscticn are fairly well understoed,
becanse of fundarental werk by Bailey and bisrtyﬁle The warted wave, during
i¢s pssege through the ionocsphere, sutfers Ia certain apmount of absorption
whose ﬁzagnitu&e depends on the eclegtron 9.511*’ sion frequency; V o the gyros-
eroqz:zncy (detemined by the gomml nzagneuc £5 eza) in additim ts the
radio frequency, o. Bailey and Mav'ﬁzyn aheaed that the dx....turbmc, signal
could a}’.tcr the physieal statz of the ionss;hem. Eer example, the electron .

temgemtuz'e end the £requency of elec_tron co?.li.si.on:eg This chenge a‘mm

alter the absorption coefficient, Hence the wéné:ed radio wave would be sube

Ject to absorptﬁ.m at the moéulats.ng frequencyo /w °

Menael eand Layzer have shown that tha main features of Bgiley and
Martyn's analysis folliow directly fmm sevezal simpliﬁyz:ng assumpi:ions and
a linearization of the equations thet gives an erzoncous fermula for the
dépth of the tyansferred motulation. It is‘.propsa,éd that these limitations
be removed and that ¢the whole probiem of radic-vave interaction in an ionized
medivm be re-studied. Potential practical applications of the resulis and

an sxperiszntal program should be suggested.

L 9, &, Bailey end D. F. Martyn, Phil. Mog., 18, 369, 1934,

3
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An accustie distusbance mey arise £zom one of many sources: the
explosion of a bowb or similar device in the mediva, tre shock md noise
waves produced by a moving rocket or projectile, s audio dipturbmce from
a gound transducer inm the medium, convection or turbulence oerurring nate
vrally in the medium, irveeguler flow acceapanying cmpmasﬁ.cﬁ or dilatation
of the medium by external forces suck as an encounter of the icrosphere with
solar ien clowds, ¥The study suggests new ways of observing physical condie
zions in the fonized wediun by virtee of indused meaulat...on on radio waves,

This proposal includes suggestions for thecretical study of
acoustic interaction, The fizst step represents complietion of the alemen-
tary thao:yov to derlve the actusl velocity distribution of the electrons ag
a functicn of time, rédio frequency, mdula_tioﬁ Erequency, collision £re-
quercy, and related phyaical parazeters. T7The second step should extend the
analysis to include the effects of @fa«ﬁmqu@mcy intezraction resulting
£rom the presence of a parmanexzt magnetic field, Thiwd, en exmerimntai
program eho::ld be mit!.ated to devige phyax.cal means of produﬂing gcoustic
fic1ds, together with vaz'i.om means of checking the theory and gathet.'mg
informaticn nbaut the physical state of an ioniczed gas subjected to an

acoustie disturbanceg
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| : The conventional theory of radie propagation in an ieniged mediuvm

implies abzence of acoustic disturbances, The medium is assuznd %o he
! static and unaffeeted by the waves traversing i%, eéxcept for an instentaneous
interaction between the elecirons of the medium end the implied electric

‘ fiecld of the radio wavesg., Most of the chavacteristics of redic wave pPLOPAge=

tion, such as critical frequency, mawimum usable fraquency, absorption coefe

Eicient, @tco, can be predicted on the basias of this assumption,
l' ',’> | Rm*mi‘, if the radio wave is su‘fficiemzy pomrﬁui to produce
wechanical ascillations in the lonosphers, thé crdinary propagaticn equations
]. ~ do nmot apply. We have imotead a medified fém _‘?“ the equaticns, whieh ine
[ clude tems that can be described as mgn tahydrcdynmm in chamctez'o
Tbe equationes describing oncinauens in tha aednm de not sepamte
into two d..stim:t sets, one deseript:.ve of electmagnetic ad the ot‘her oE
acoustic phenomena, as they do when the mdium is nentralg The presence of
' fons arad assoclated electrons leads to caupling be“ween the two varieties
- oE disturbance. A magnetic field, iE ptesent augments the coupling, which
attaing a mazimum when the frequensy of the radie wave equals the gyro-fre-
quency of taa magnetie fieldy, As a tésﬁiz 62, the ;i.u'.*:tszx:-a*e:ﬁ:io:x‘.J an acovstic

éisturbance may cross-modulate a radio wave traversing the wediwm,

The effect can be deseribed as an ipnteraction between an elegtre-
‘magnetic wave and acoustic waves in the medium or vics verse. A theoretical
analyeic of the phenomena involved has mans" useful and interesting applice~

tiona.

o
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Let tha electric £leld of the inéident wave ba

Ee= B, cos Wi cos ALt

———y

whepe V. is the carrier £requency and _t~ the reduistion frequency. The

first stege of the analysis leads to resulfs analogous to, but more general
' . 1., .

than, these derived by V., 6. Balley end D, P, Mariyn in a atudy of the

Luzerbourg effact, 'Ijhe ge conventional results axe based en the implicit but

nenetbelass restrictive assumption that the interactioh is independent of
the modulaticn £requancy, Ao This aszumption holfie strietly only for vesy

)* o Ngw;‘ low vaiues cﬁ,u., for example when /u. is less then 150 ¢/, The gecond

? implieit ass:a:zg cng that ong ¢an magleci: eﬁangea ia e physical state of

| the ion gas, appaara to be justifisd,

2.; ..Let Q denot tha nean ?.’ae“ﬂal enargy m elcctma, w the mean

l, rate o2 heating (per electrcn) by the z'aéimtx.en _ield am? R the mesn vate
of cooli.ng (p»r electron) by aonisim me e _ga_s aoleenZesg All of these
[ quantiti.es are ﬁmctmns of tha eime and ; ; bable :?s'y'-the. differential

equation reytesenti.ng tha ensi‘gy balam:e
/8t = . wa R o

‘ Por @y given electric field, we know wo I£ we can €ind how R depards on Q,
wa ean p’éoceed to the 'solutioap Lincarization of the equations coupled with
an agsumed relation betwean Q aré the colliision f£reaguency,, v » determines

Q 83 a function of ths 'mgaimﬁe ef the impressad modulated field. This

1 ¥, A, Bailay and D, F, Martyn, Phil. Mag., 15, 365, 1934,
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teads, in turn, to & estimate of thoe depih of mszmiés:ion of the electromags
retic wave.

Tee main restriction of thez above conventlenal tmet‘y lies in tﬁe
£act that Q, 1% o d R are qu&nti?;ieé averaged over a velocity distribution

.3

of the eleectyron gag, £{g,t), vheze q is a veloelity and t the time. If we
can determine the velecity distributieon as a function of the time, we can
get o mnch elearer picture of the physicel state of the medivm, A detelled
study proves that the dapth of modulation as 'meﬁicmﬁ by the simple theovy
provas f:é be incorsect.

One can make & starz by using the Be!ézmam transport equation, in
connection with M‘amzeli"s stendard equations for &hc electromagnetic field,

The tzeansport equation leads to a non~linear Jifferential equation of the

second ozder, svhich can be geduced to the Eollowing comparatively simple form:
i Ay = =f [(xaé} ¥° e 2yt = w2 e"x]

where "d&éﬁiﬁé” inéiéaté derivatives with respect tc: %o In the above eque-
tion, y reprezems t'he instanta:mcus net emtgy £1=nc &cmss a given surface
by au electmns zémse valccz.ty ie equal i:o os' !ess tban o And ® repteseatsl

the encrg; eﬁ aza electron moving with vaimty q. Both y sad = have been

 geduced i:o mamszanlws form bsr ¢ivisien td.th valueél aveé&ge& with feapect

<t zi.mc

Tho parametsr r is definzd on the essumption that the collision

£raquency Y depends on the velocity g through & powsy ilaw
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which defines both r end ) . Also,

et

1
a. } &

siz
<

where e fL is the mmdulation fregquency, M &d m are the maszes of the neuw
teal atoms smd the frez electrons, respecrively, The guantity, i, has its
ugual signil ance, the ‘3@!8&"2 root of =1,

This agzzatiem has not been solv'e&o’ except under sowe speeial, iime
iting mnc‘iﬁ,ﬁ::i.cnso The detailled soluiien, ‘&eﬁuiateé in terms of the tww ade
justable parsmeters, (f and r, is the wost urgert nsed. 7This will detexe
mine the éistribution of electron velocities as a function of time ovd thus
enable us to caleu!gm directly the physical characteristice of the medium.
Thls snalysis will eam'bl_.*.sh a firm basiz for fuzther study éﬁ the phencxenon
of radiosacoustic intefé::tiona

The second step, and one urgently ';:zaedeao i the exmaéion of the
analysis to include the eﬁfects of & perovencnt magnetic £ield in the medium,

At leaét four basie Erei;wencies are involved: the radic or carrier £requency.

W the audioc or wodulated Eseaueacy /Uf,, the gym or Latmor £recuency €

and the collision €requency V

The stuly shouid iné).ude, in addition to Efurther improvement of
the Luxembourg effect, &n smalysisv of other ellied phenomena of radio wave

interaction, The "Iaverse Liammbourg Effect”, sherein the wanted and wme
) 1]

wented waves chenge places, is ome example. The case of self-medulation oz'

sel f-demcduiation nay also be relevant. The pessible interaction of fre-
queney modulated vaves has 2lse not been previessiy dlacussed.
For sakz of coumpletenazss, the study should examine the fensibility

of caryvying out experiments o tast the thevey or to determine various
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physical characteristics of the ionised gas, A nurber of experimsnts are
possible, of which the £ollowing is representative md pechaps the simplest.
Suppese that the nose of & rocket conteins a lew-powered trangsmitter, opere
ating on frequencies in the range £rom about 1.4 20 2.5 me/lsec. The gyros
frequency of the iomospherc, £or intermediate latitudes, will tead ¢oward the
former value. Hewever, in the esente of mepchenical disturbanees, possible
compression of the nediuw of p production of additionol icmization may increase
the gyro»ﬁmquéncy apyfecisblye Any pecket or missile traversing the iocno-~
sphere will set up accastic vibratiome waich, by vigtue of the expacted none
lirear interaction, can be expected ¢o treasfer ecoustis modulation ¢o the
bezm._ Erom ﬁlé nosz cone, Ong may encsunter c‘iifﬁiculiias,, bowever, ian dis~
ting;z‘z’.éhiﬁg between the exzpected ?.m;.vwfmcguemy empiitude modulation and the
variation 94" éigaél strength ceusaed by ciumg'ing aspeet of the rockat,
Altema..iva vari.es.x.aa of ioneaphez'ie dzstarbmceso mcludmg thoge

ptaduced by é: srupt:.ona similar to t’—‘xat of am Az‘gus eﬁf!ect, are re!.evanto

The stuﬁy msv include tb.e effect oﬁ normai' acous. ‘c'noize exi.etinﬁ in the '

waosphere, auch as that produceé by cowe tion o_a‘ turbuleucev as it may

interact with electrcmssr‘aane waves travetsing medimo

“"\e exvstence of zadiwaccustiv inter&ctim ‘hasg boen demonstrated

experimta?ly ‘a8 weu as meo"edcauy;- ‘lze)ateﬂ to the well known

Ltmambou:g eﬁﬁec ) where ?.t:a acoustic Ei_“' _ é;c d by a powerful modulated

radio waﬁe szrvas to modulate anothey raéio e.e.veo "‘hé croes;amodulatiez!,

th ich rasulte from ﬂuctw;.ieas in the aﬁmotpticvn cceﬁfi.c:.ant of the ionized
layer, depmds on the awdio frequencys A secsnd ;emd closely relat_:e& phenow
zenon is self-wodulation, the interaction of a mgdul'ated redlio wave with its

ovmn acoustic disturbence., This imterackicn may incresse or deczease the
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L. ‘ original modul_a’ci.on, by an zmeunt dependent on the audio t‘.requencya
£ | The Luxembourg effect definitely needs a therough quané:itative
study to determine the basic facts of audic-radio wave interaction. This
study requizes the construction and operation of equipment to measure the
percentage medulation at diffexent andio and radio Ereguencies,.
The power dependence of the .mtemc'siog is as yet completely un~
g deternined, in view of the fact that the "wwanted” wave has been teken from
same existing station. Additional significamt infermation will become avail-
‘ b able if t_hé :ptm;e‘i' of the "“uawented” beam L"ezi be varied as desivedo The
studies shdﬁl& 4i2?.c1ude the effects of self-mcdulation as well as ordinary
}]‘ wave intéréctiono
i Unlags special efforts are made, the anérgy imparted to the acoustic
fisld by' the electrcmagnaﬁe wave is small, The intaraction is sppreciable

because a large volume is affected. The passage of a rocket or missile

f

through the ionized mdiuﬁn creates & shock wave or mejor disturbance, which
[_' can apprééiébly affect the physical state of the t&:df.m, chenging the gyrec-
frequency as well as prcducing & strong acaustic pulse. Ezplosionso atonic
or otherwise, ecan cause similac dis’tutbsm"cee,‘ T‘he_ question to be investigaa

ted, by both experimental and theoretical mesns, is the detai led character

S

of the possible interactioms between the acoustic disturbance and an elec-
E tromagnet ic wave, V Specifically, what i.nfotjmaticm can ome empzel to obtain

from the eignal received from such &8 regior? Can this phenomenon be used

for intelligence, reccnnaissance or for the detection of ionospheric disture

§ bances of artificial origin?

Ezperiments with vockets or missiles can give valueble data cone

cerning the interaction between a radic wave and an impulsive acoustie dise

—

; turbanece produced by the wehicle. UOne example of & variety of experiments
i ' 10

¥

Declassified in Part - Sanitized Copy Approved for Release 2013/07/08 : CIA-RDP67B00341R000800060001-6




Declassified in Part - Sanitized Copy Approved for Release 2013/07/08 : CIA-RDP67B00341R000800060001-6

that could be performed in this field is given balow, This particular ex-
periment was proposed by Menzel in 1949 and irstrumented in en Air Force
experiment carried out at White Sands Proviang Grmdo Unfor tunately, the
rocket, one of the last of the old V2*s, aborted, The experiment was naver
repeated,

The procedure calls, first of s8ll, for a transmitter ope.mting in
the nose of the rocket and readiating C¥ on or near the expacted gyro-frequency
of the icncosphere, it ig expected that the audic impulse of the sheeck wave
will mdulaté the rockat ‘signal that has to pass thz‘bugh the waﬁe of the
missile. Varyinz the xadioc frequency sinl give important data concerning
the nature of the wave interaction.

Experiments have shown that fadﬁt; waves, tunred to the gyro-frequency
of & mgnetic field, ean produce luminosity in sn evacuated bulb at consid-
erable distapce (half a kilometer or more) from & transmitter. The voltage

is fed from 2n antenna to condenser plates so set that the electric field is

- perpendicular to the internal megnetic £ield, Tests have shown that even

very low powers can yield .appraciabie luninosity,

in the prmxtive form, the luminous globes have potential practical
application, such as providing illuminstion to en ares not yet wired for |
electric current, But the péiacipleo if infeusiﬁied, has additicnal prac-
tical applications. Calculations indicate that semi-directed radio desmé,
oparating at the terreatnal gymafmql&mcy,, cou‘ld appraciably e‘xhame the
electron dansity already p;:eseni: in tb.e :.onosphetea ,fmd ?he:e 18 also the
possibf.hty that9 m.th svfficiem: eaergyn & 101-: discharge could be J.m.tz.a
s:@.su ting ..n an artzﬁiq&ai am' glow or auroz'a., The enhmt.ed iom.zanon could

3 & i 4

be of great proctié¢al benet‘u“:o :;emztmg camunieation on frequa:*c e3 much

bigheyr than the ionosphere would normally sus taino‘

13
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Finally, et the ultimate 1limit of high power, thars is the defie
nite Guestion that still) requires an answer, Could a focussed radio beam
be uged to destroy or render inoperative any metallic object it mitht en-
ceuntéz? Hega éhe’ﬁirst study to be undertaken ig largely theoxeticai, To
anguer such questions as the degree of heating, the cffeet of chock waves
on gyye-freguancy, @d 50 on, such egpariments wmight Dz done with the aid
cf the dam-range facilities of Atientic Missile Testing Hange, Cape Canaveral,

Florida, with cbgervaticns on signals te 2nd frow missiles,

ted
[N
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I1X, OSTATEMERT OF WORK

The contractor chall furnish the necessery mrsonnel, services -Qi.’
others, facilities; snd materials &nd shell use its best efforts %e perfora
the €ollowing:

1, Extend the theory of radio-acoustic intersction o imclude
the effects of such phenomena as:

(a) pon-Maxwellian distribution of electron velocities;
(b) the heating of the medium by ihe presence of scouszic
end electromegrnetic waves;
{(¢c) the ii:’::eraction between etecta*oznagnetic and acoustic
diaturbances;_‘
| kd), thé interaction between electromegnetic waves and shock
waves';
(é) ‘extension of the anslyses to include the effects of mage ‘
netic fields in the medium; o
' (£) the effect of electromsgnetic waves alresdy present in
the medium on tke nature of the interaction, pé{rticnlarly through the medium
of the gyro-frequency; ard |
(g) the £requency diséribation of electromagnetic radiation
induced by acoustic disturbmceso' |

2. Carry out systematic experiments to investigate the specific
phencaiena of radio-zudie interaction, with specific relation to the theory
detailed abswe;

{a) deternine the frequency and powar dependence of cresse

modulation in the Luzembourg effect:
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(b) determine the nature of seif-interaction in a modulated
radio wave:

(e) investigate the nature of the interaction of radio waves
with scoustic disturbences of various oviging;

{(d) determine the reistionship betwesn this intevaction in
the prescence of wagnetic fields;

(e} study the lusingsity induced in ew&ezuéi:ed globes with the
aid of elzctromagnetic radiatiecn fed o crossed electrie ad magnetic fislés
at the gyro-fregueacy;

(£) study the effect of gyro-interac ion on radio waves emitted
by nissiles penstrating the lonosphers, as perturbed by the shock wave pro-
duced by the wmissile; and '

(g) £rom the foregcit;g experiments and theovy, determine the
feasibility of causing excess ifonization in the icncsphere, &s the result of

radio waves incident on the medium,
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APPENDIX VAM

- TYPICAL SEWIOR PERSCHNNEL
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6 'lﬂ : ". " ”»
KDMORADM PoR: | | W] -
‘ . BUBJEOY t Use of the "Luxcsbourg Effect” as e Missile Launch
i _ ~ Detesticn Technique L ;
- _ "\ .

l.. This memcrenius presents a recommeniation for actica
on the initiaticn of & teobnical surveillance projeet. h:f.! e '
resommniation is presested in paregroph 5. L |

< 2 - Bso zm'mmmt',mmwm
" croes modulaticn”, vas firet observed in 1933 vhen reccption

st Bidenhoven, Netharlands, of a broeicast from Bercmmster, Switzerland, .

mmmwwcmmwot.mm.m
stetion in Luxembourg. This interference was not due to defects in the
~ recsivers, or to local disturbances. The suggestion was made that it

phonomena: 414 exist and was most marked when the desired brosdsast
signal vas & medium wave received by iovospheric propagstion spd the
vummomuummw.mmmunmtm

_ mmmmmmcumwmumam

: mediun wave signal. Limited investigations of the effect continued
wmmv»nmmmmtmmmtpm-wua
tool for ioncepheric research. Not mugh direct applicatiom of the
principle has been mads since those experimsnts.

' tnatly  rtlem The need for more information regarding the Sovist
missils mmmmmwmmet‘ummtm’

» " - 4
_ be utilized as a missile launch dstection
With p sud {(50-%1)- ssdiva wave Srusanitiar-located-1a
™e

m xr T roth boat launeh area YV TR YOUla O
tod at the of the trensmission path and therefore provide
& mximm intermofnlatica disturbance. (m‘uu.mmmm
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yoar)

b sbould 1ot ecutrwcte through the
(1) Bevy - Prepere the transmitter site, iastall pover

gmeresion, trosemitting, commsmications and pere
scanel facilities. ’ ’

(2) Asr Poree/ARDO/GRC - Technical mouitering of the
establishment of @ receiving facility at
masning of both the tremsmitting end STAT
recsiving fucilities (by ecntreetors, 1f mecessary),
wpmu;‘:: the date snalysis and feasidility repert

(3) - Ravy - Provide the necesedry w.» S0 suppoes
~ treomitter factlity. o S for the

X
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